Abstract. Following the Kyoto protocol and the European Union climate policies larger than 20 MW energy plants are part of the EU's emissions-trading scheme (ETS). This greenhouse gas emission mitigation strategy, tradable carbon quota system, started in 2005. The scheme is not mandatory for the firms with size less than 20MW. Also the firms using renewable fuels will not pay for allowances. Advanced energy production technologies enable power and heating plants to use both nonrenewable fossil fuels and renewable wood fuels in energy production. Wood fuel demand may constitute a substitute for fossil fuel demand if the price of tradable carbon allowances is relatively high. 
Introduction
The European Union emissions trading scheme (EU ETS) started in 2005. The first phase ended in 2007 and the second one began in 2008 and will last until 2012. The scheme encompasses the whole EU region and it is designed to be the main instrument to reduce emissions requested by the Kyoto Protocol. Energy plants with larger thermal input capacity than 20 MW are included within the scheme, as well as iron, steel, mineral, pulp and paper industries and oil refineries. In total, the first phase of the system covered approximately 12,000 installations, which correspond about 45% of EU´s aggregated CO 2 emissions. These installations are issued emission permits. The emission allowances are each equivalent to a ton of and they are provided from the initial allocation or purchased within the EU area. Power sector is the biggest and most active actor in EU's emission trading. 
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In a cap and trade system such as EU-ETS a target amount of emission reductions set by policymakers can be reached in a cost efficient way (Menanteau et al. 2003) . In particular, the system does not define a method or a place how the emission reductions should be made. To reach reductions in emissions, energy plants can (i) reduce their production, (ii) improve their energy efficiency by investments, (iii) invest in the carbon capture and storage (CCS) technology, or (iv) substitute lowcarbon fuels, such as renewable fuels, for high-carbon fuels. Because of the nature of energy plants, (they serve municipalities or industries), the first option is not commonly available. As to the option of investments, Bailey and Ditty (2008) noticed that UK emissions trading scheme had only a minor impact on investment decisions of energy plants, which could be the case in EU ETS in short run. Also Kara et al. (2008) confirm the same finding in their study looking at the conditions of the Nordic electricity markets. Note that on the general level emission quotas and allowance markets set the firms in a complex and dynamic context wherein short and long run behaviour may be in conflict (e.g. see Harstad and Eskeland 2007 , Boucekkine et al 2008 , Zhang 2007 and references therein).
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The fourth choice to reduce emissions, substituting low-carbon fuels for highcarbon fuels, can be carried out without substantial risks or expenses in many 2 
circumstances. In this study we focus on this option, by investigating the substitution of wood fuels for fossil ones using Finnish firm-level data. Because renewable fuels such as wood fuels are considered as carbon neutral in the EU ETS, fuel input substitution between bio-fuels and fossil fuels may be favourable for energy producers. Even though emissions trading enhance the competitive advantage of renewable fuels in energy production in theory, empirical studies to confirm this are rare. Particularly, firm-level data on the fuel-mixes of energy plants that could be used in econometric analyses, are not commonly available. Tauchmann 
Even though the fuel price sensitivity of energy plants may be low in German, it is not necessarily so in the Nordic countries, which is indicated by Brännlund and Lundgren (2004) . They studied the fuel input substitution of Swedish heating plants under two different policy changes by using a cost share linear Logit model. In their simulations, the both policy instruments, a taxation and a subsidy for wood fuel production, increased the demand for wood fuels substantially. The heterogeneity of energy plants affects the demand for wood fuels also within frontiers. Brännlund and Kriström (2001) found out that price elastisities for different fuels vary with plant size, while they studied the impacts of changes in Swedish energy taxation.
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German and Finnish production structures in energy production differ from each other by their fuel-mix and also by their combustion technology. As noted in Tauchmann (2006) hard coal and lignite are dominant fuels in German, while bio-fuels, coal, natural gas and peat are the most significant fuels in Finland. In terms of combustion technology, pulverized fuel and fluidized bed combustion are the two main technologies for solid fuel utilization. The former is essentially a coal burning technology, while fluidized bed combustion is more suitable for multi-fuel utilization (Kangas et al. 2009 ). It is this latter combustion technology which is dominant in Finland, thus making the circumstances for fuel input substitution under the EU-ETS perhaps better in Finland as compared to Germany. Furthermore, peat is a relatively important fuel in energy production in Finland. Fuel properties of peat and wood are relatively similar, whereupon peat can be often substituted for wood also in unsophisticated boilers.
Finland is committed to increase its share of renewable energy source (RES) from 28,5% to 38% by 2020, which has led to the interest to promote wood fuel utilisation in the country. Currently, in the Finnish energy policy, the EU-ETS is the most important energy policy instrument to promote RES in the emissions trading sector, even though many other EU countries apply also either feed-in tariff systems or tradable green certificate systems to support RES. Thus, it is worthwhile to study how this EU wide climate policy tool affects the substitution between wood and the fossil fuels in Finland. This study focuses on wood fuel utilization excluding black liquor.
Biomass is the most important RES in Finland, with the share of over 80%.
The aim of the paper is to study the impacts of the EU-ETS on the fuel substitution by using an econometric approach. We do this by taking into account the heterogeneity of energy plants with respect to their size, industry type and location. For example, the supply of wood fuels restricts the demand for wood fuels differently in different regions of the country. Furthermore, large energy plants are not often able to purchase extensive amount of wood fuels because of transportation costs combined with relatively low energy content of wood. Also, the type of energy plant is a determining factor in terms of the fuel substitution: an energy plant relating to the forest industry use naturally more wood fuels than e.g. a municipal energy plant. Additionally, the mechanism of emissions trading causes variation in wood fuel utilisation among different size categories of energy plants.
The rest of this paper is structured as follows. We first derive fuel input demand
properties from a simple static model to motivate the econometric approach used in the empirical part of the study. In the following section the plant-level energy input and emission trading price data are presented. After this, the econometric specifications and estimation strategies are described together with the results. We end with conclusions and discussion.
Deriving fuel input demands with allowance permits
Consider a firm that is forced to internalize its greenhouse gas emission as a byproduct of the production process. This happens with government issuing a limited number of pollution permits or allowances to the firms. Firms whose marginal abatement costs are larger than the allowance price can obtain extra allowances from less polluting firms. Typically the firm buys these allowances from tradable permission markets. An alternative way to control emissions is to use a less polluting technology or use low emitting inputs in the production process. Decreasing supply of the total number of polluting permits increases the allowance price making these alternative emission reduction methods more feasible. Over all, efficiently working emission permit market is seen as the least cost system to reduce greenhouse gases (Tietenberg 2006 ).
Assume that the firm i has two fuel inputs: one with high emission rate (H), and one 
where p is the fixed price of output and is the convex cost function of fuel inputs. The first order conditions with a linear production function
The marginal products of inputs equal their marginal costs including the marginal costs of allowance rights. As is positive the firm uses less H input compared to a firm that is not forced to internalize its emissions. Note also that if 
Solving with Cramer's rule for gives / and / X X dL dP dH dP
The increase of allowance price leads to decrease in high emission fuel H usage . However the demand for low emission input L increase in response to an increase in the allowance price if the raw material inputs are substitutes to each other in energy production, i.e.
) and
H L f f stand for partial derivates of f(H,L) with respect to H and L. These marginal products are measured as the constant unit efficiencies of the fuel inputs in power and heat production.
Data
The econometric analysis in this study relies on a regional firm-level data collected by 
Econometric Models and Results
In the following we specify three models to study the substitution between wood and fossil fuels. We estimate the response of ratio between wood and fossil based raw material inputs to changes in the CO 2 allowance prices. The models are augmented with energy production scale, industry, and regional specific effects.
Random and Fixed Effect Models
Consider the following Random Effect (RE) panel data model that estimates the response of ratio between wood and fossil based raw material inputs to changes in the CO 2 emission trading prices 
The negative sign of is unexpected. DSAWMILL variable has a positive coefficient in both estimations indicating that the higher is the level of capacity the more wood fuel is used. Note that typically the large units have higher capacity level than the small ones. As our estimations include the variable to capture the plant size effect we argue that the positive capacity effect on the fuel ratio stems from plants close to, but below, the size of 20MW.
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The model fits are in statistical terms adequate. The residuals are normal in RE eatimation, the model explains close to 36% of the variation in , the random plant components explain 38% of the error variance, and the DW-value indicates that no residual autocorrelation is present. However the Hausman test rejects the RE-specification making the estimates inconsistent. This means that we have to emphasize the FE 2 results or use some other, a more general estimation approach, which would allow for controlling the evident random heterogeneity in observations.
While the FE 2 results above are adequate, the 2-step FE-model can be considered to be a fairly restrictive and awkward approach to model and estimate both the plantwithin and plant-between variability in the plants' fuel ratio . Therefore we next introduce a model alternative, the Random Coefficient, or mixed 2-level model, which incorporates into one single model both aspects of the individual plant variability. This mixed model alternative is a general model approach that enables one to efficiently control and estimate the observed and unobserved heterogeneity among the plants. In addition we obtain some interesting estimates describing the evolution of the stochastic structure of the data and model coefficients that are not obtained from the RE-and FE-models.
Random Coefficient Model
In this model we used the following specifications in the two stages: 
The mixed model assumes that some of the first stage model parameters are random in the cross-sectional dimension. The i α parameter measures the plant-between variability of l and n( / )
β measures how this variability changes in time.
However the plant-within variability is also modeled because we explain the first stage (random) coefficients with plant specific time-invariant controls. Finally we allow also for idiosyncratic randomness or unobserved heterogeneity for plant responses i α and i β , i.e. 
Conclusions and Discussion
Econometric studies on the impacts of the EU tradable CO2 permit system on the fuel demand have remained scarce. In this study we provided new results concerning the impacts of the EU-ETS cap and trade system on the fuel mix of energy plants. We used data from Finland, where the industrial and policy contexts suggest that the tradable CO2 permit system might have had larger impacts than perhaps in other European countries. The results indicate that the EU-ETS system has increased the wood energy consumption of the plants, and that wood fuels have been substituted for fossil fuels. However, over the period of 2005-2007 these impacts seemed to have decline.
There are a lot of energy-intensive industries. e.g. the forest and steel industries in Finland, which have driven the Finnish energy sector towards centralized units. Also the cold climate has affected that local district heating systems have penetrated considerably in the country (Ericsson et al 2004) . The large units imply that the EU-ETS covers an exceptionally large share of the total CO 2 emissions in Finland, which increases the importance of the system in the Finnish conditions, and which may have contributed to the results received in this study.
Emission trading and possible high price level of the emission allowance in the future do not automatically guarantee an increased use of wood fuels in Finland. or in other countries with similar conditions. Because the energy contents of unprocessed wood fuels, e.g. forest chips, are relatively low, long transportation distances are not profitable. This means that wood-fuel markets remain regional. Another issue relates to the marketing position of energy producers. A district heat producer has usually a monopoly position on regional markets, which enables transferring the cost of purchasing permits to the heat prices ). This may reduce the substitution impact of emissions trading.
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